sources) (Sterling 1981). However, Hirayama showed a fairly consis-
tent relationship between involuntary smoking exposure and lung
cancer across SES categories. The role of indoor air pollutants could
not be addressed directly in the study, but data from one health
district in the study indicated no association between heating or
cooking practices and the smoking habits of the husbands (Hirayama
1981b).

The researcher’s failure to specifically describe the methods for
age standardization in the initial report led to speculation that the
statistical methods used were incorrect (Kornegay and Kastenbaum
1981; Mantel 1981; Tsokos 1981; Lee 1981); however, the calculations
were later confirmed (Harris and DuMouchel 1981; Hammond and
Selikoff 1981). The choice of stratification variables used for age
standardization was also criticized because the husbands’ ages
instead of the wives’ ages and 10-year age groups instead of narrower
ones were used (Tsokos 1981; MacDonald 1981b). Later publications
confirmed that similar results were obtained regardless of the
method of standardization (Hirayama 1984a).

The American Cancer Society Cohort Study

A second prospective study (Garfinkel 1981) that examined the
effects of involuntary smoking was the American Cancer Society
(ACS) study of about 1 million people living in 25 States. A self-
administered questionnaire on education, residence, occupational
exposure, and smoking and medical history was completed by the
study subjects upon enrollment.

This report on involuntary smoking was based on 12 years of
followup (1960-1972) and included 176,739 nonsmoking married
women whose husbands’ smoking habits were available and whose
husbands were never smokers or current smokers. In the total cohort
of nonsmoking women, 564 lung cancer deaths occurred, and data on
the husbands’ smoking habits were available for 153 (27.1 percent).
Wives of ex-smokers and of cigar or pipe smokers were excluded from
the analysis.

A small, statistically nonsignificant increased risk for lung cancer
was found for nonsmokers married to smokers. The mortality ratios
for lung cancer in nonsmoking women were 1.0, 1.27, and 1.10 when
the husbands were nonsmokers, daily smokers of fewer than 20
cigarettes, and daily smokers of 20 or more cigarettes, respectively.
The results were essentially unchanged after accounting for the
potential confounding effects of age, race, education, residence, and
husband’s occupational exposure.

The ACS study, like the Japanese study, was not designed to study
the long-term effects of involuntary smoking. However, the ACS
study does provide an estimate of the extent of misclasgification of
lung cancer. On the basis of medical record verification, the death
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certificate diagnosis of lung cancer in nonsmoking women was
incorrect for 12 percent of the cases. Although confirmation of
diagnosis was sought only for the first 6 years of followup, the
available data suggest that some misclassification of lung cancer
occurred. To the extent that passive smoking is related to lung
cancer in nonsmokers, inclusion of nonlung cancers would tend to
dilute a true effect.

A limitation of the ACS study is the nonavailability of smoking
information on the husbands of a large proportion of the nonsmoking
women who died of lung cancer. Because smoking habits are
correlated with various social characteristics, this large loss of
information may have created a bias in this study. The researcher
stated that an index of tobacco smoke exposure based only on
smoking habits of current husbands may be particularly inadequate
for the United States, with its high rate of divorce and substantial
proportion of women working outside the home. This speculation is
supported by data from a group of 37,881 nonsmokers and ex-
smokers who were members of a health plan in California. Friedman
and colleagues (1983) stated that 47 percent of the nonsmoking
women and 39 percent of the nonsmoking men married to smokers
reported no exposure at home. Moreover, being married to a
nonsmoker did not assure the absence of exposure to tobacco smoke,
since 40 percent of the nonsmoking women and 49 percent of the
nonsmoking men married to nonsmokers reported some exposure to
tobacco smoke during the week. Thus, random misclassification
could have biased the results toward unity and led to an underesti-
mate of the effect of passive smoking.

The Scottish Study

Gillis and colleagues (1984) conducted a prospective cohort study of
16,171 Scottish men and women, aged 45 to 64 years, from two urban
areas, who attended a multiphasic health screening clinic between
1972 and 1976. A questionnaire on smoking habits and symptoms of
respiratory and cardiovascular diseases was completed at entry into
the study.

The preliminary analysis of involuntary smoking, representing 6
to 10 years of followup, was based on the 2,744 nonsmokers among
the 8,128 subjects who lived as couples and could be paired according
to smoking habits. Subjects who lived alone or whose partner did not
participate and ex-smokers who had stopped smoking for 5 years or
more were excluded. The nonsmokers were classified as nonsmokers
not exposed to environmental tobacco smoke or as nonsmokers
exposed to environmental tobacco smoke, according to the smoking
habits of their spouses.

A higher age-standardized lung cancer mortality rate was reported
for nonsmoking men exposed to tobacco smoke (13 per 10,000) than
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for nonsmoking men not exposed (4 per 10,000); however, no
statistical tests were conducted because of the small number of
cancers. Lung cancer rates were similar for nonsmoking women
regardless of the status of their exposure to tobacco smoke (4 per
10,000). The extremely small number of observed lung cancer deaths
(6 men, 8 women) limit the interpretation of the study’s findings.

Spousal Exposure: Case—Control Studies

Table 8 summarizes the case—control studies that have examined
the relationship between involuntary smoking exposure and lung
cancer.

The Greek Study

Trichopoulos and colleagues (1981, 1983; Trichopoulos 1984)
examined the effect of involuntary smoking on lung cancer risk in a
case-control study of 51 Caucasian female lung cancer patients
(excluding adenocarcinoma and terminal bronchiolar carcinomas)
from three chest hospitals and 163 female controls from an
orthopedic hospital in Athens, Greece. All subjects were interviewed
in person by one physician who questioned them regarding their
personal smoking habits and those of their current and former
husbands. Thirty-five percent of the cases were diagnosed only on
the basis of clinical or radiologic information; the remainder were
cytologically (37 percent) or histologically (28 percent) confirmed.

Nonsmoking women were classified by the smoking habits of their
current or former husbands. Husbands were nonsmokers if they had
never smoked or had stopped smoking more than 20 years previous-
ly, ex-smokers if they stopped 5 to 20 years previously, and current
smokers if they were smoking or had stopped less than 5 years before
the interview. Being never married, widowed, or divorced was
equated as being married to a nonsmoker or an ex-smoker, depend-
ing on the length of time in the category.

The initial report was based on 40 nonsmoking cases and 149
nonsmoking controls. The odds ratios (ORs) for women married to
nonsmokers, ex-smokers, current smokers of 1 to 20 cigarettes per
day, and current smokers of 21 or more cigarettes per day were 1.0,
19,24, and 34, respectively (two-sided p for trend, <0.02). In a later
report on 77 nonsmoking cases and 225 nonsmoking controls, the
ORs were somewhat lower: 1.0, 1.9, 1.9, and 2.5, respectively
(Trichopoulos et al. 1983; Trichopoulos 1984).

The findings of this study were questioned because the diagnosis of
cancer was not pathologically confirmed for 35 percent of the cases
(Hammond and Selikoff 1981; Lee 1982b). The inclusion of cases that
were not lung cancers would tend to dilute the results toward the

null because they may not be related to involuntary smoking.
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